The aim of the study was analysis of diagnostic techniques relative to the type of trauma sustained (blunt versus penetrating), the patients' haemodynamic status (stable versus in shock), the character of injuries (isolated versus multiple) and the type of treatment employed (conservative versus operative) in patients with suspected abdominal injuries. Material and methods. The study included 1406 trauma victims hospitalized in the 2nd Department of Surgery in Cracow from 1995 to 2004 who were diagnosed with or underwent surgery for suspected abdominal organ injury. In addition to the clinical examination performed in each case, the ultrasonographic examination according to FAST procedure was used in 1373 patients, diagnostic peritoneal lavage (DPL) in 46, computed tomography (CT) in 27, laparoscopy in 45 and contrast studies of the urinary tract in 45 patients. Data concerning treatment process were obtained retrospectively from the computer databases entitled "Kopernik" and "Pacjenci". The efficiency of diagnostics provided in our clinic was estimated on the basis of the percentage of exploratory laparotomies and the number of missed injuries. Results. Of 218 patients with abdominal organ injuries, 72% underwent surgery and the remaining 28% were treated conservatively. Regardless of the type of trauma, the patients in shock received surgical treatment more often. In the group of patients suffering from blunt injuries, exploratory laparotomies were performed in 5.9% of haemodynamically stable patients and in 12.3% of patients admitted in shock. In the group of penetrating injuries the percentage of exploratory laparotomies reached 23.5 and 6.25% respectively. In six patients with blunt abdominal trauma who were treated conservatively the abdominal injuries were missed. One out of every ten patients was qualified for laparotomy solely on the basis of clinical examination. Most of these patients suffered from abdominal wounds. In the vast majority of remaining patients, FAST was used as the only diagnostic technique or (more often) in combination with additional diagnostic techniques. Except for FAST, additional diagnostic techniques were used in every tenth patient with isolated abdominal injury and in every fourth with multiple injuries. In the most abundant group of patients operated on due to bleeding, FAST was supplemented by additional techniques in half of the patients. Conclusions. FAST played a crucial role in diagnosing patients with injuries of the torso. CT or laparoscopy was additionally recommended for patients with suspected intra-abdominal organ injury, especially in cases of multiple injuries. Peritoneal penetration of the wound without symptoms of intra-abdominal organ injury should not constitute an indication for laparotomy. Qualification for laparotomy on the basis of clinical examination only is permissible only in haemodynamically unstable patients with abdominal wounds.
The diagnostic process of detecting injuries begins on the scene of the accident and continues in the outpatient ward, operative theatre or the hospital ward. Initially, the rescuer has to base his recognition on his own clinical experience and practical skills. The result of clini-constituting 12.66% from the entire study group. One hundred and thirteen (8%) victims died due to injury.
In describing injuries of abdominal organ, we regard them as damage of the intraperitoneal and retroperitoneal viscera and operative treatment is necessary in these cases of retroperitoneal haematomas.
Retrospectively, we analyzed data, which was collected in the computer bases entitled "Kopernik" and "Pacjenci" from 1993 and in case records. For the patients that died, the data was additionally supplemented on information from the autopsy.
All patients were divided into 4 groups depending on the reason for diagnosis of intraabdominal injury. Three hundred and forty patients sustained isolated abdominal trauma (IA) by blunt or penetrating mechanisms. Three hundred and seventy two were multitrauma patients (MT). Part of them had abdominal trauma necessitating the use of this particular diagnostic method. In the remaining often unconscious trauma patients, it was necessary to exclude intra-abdominal injury. Four hundred sixty seven suffered from isolated injuries neighboring the abdominal cavity (IN). Abdominal symptoms, if in fact present, disguised pain induced by pelvic, lumbar spine or lower rib fractures. The two hundred and twenty seven patients had injuries other than abdominal trauma or injuries of neighboring regions (OI). Their injuries were sustained in unclear yet severe circumstances and therefore necessitated the exclusion of abdominal injury. In many cases, symptoms of bleeding or disturbances of consciousness constituted indication for further diagnostic process.
Depending on the extent of the surgical procedure performed, laparotomies were divided into diagnostic (when intra-abdominal injuries were excluded) and therapeutic (when they were fixed). The same division was attributing to cases of laparoscopies. In the most seriously injured patients, "damage control" procedures were performed. In those cases, the lesions were fixed during the subsequent operation. The term "conservative treatment" was used relative to nonoperative treatment of abdominal organ injury or in cases when patients were under observation and in which possible intraabdominal issues were excluded. It has to be stressed that this term applies only to nonoperative treatment of abdominal trauma, despical examination in many of the cases can be deceiving due to decreased levels of consciousness or additional injury to other body regions. The possibility of using additional laboratory tests and imaging techniques in the hospital enables clinicians to recognize internal organ injuries and adjust therapeutic procedures to address the state of the patients. Unfortunately, at this point, the possibility of misdiagnosing intra-abdominal injuries increases significantly. Although seldom, these injuries are second to head trauma as the leading cause of a life threatening state. Abdominal injury can be found in almost all victims who die prior to hospital admission (1) (2) (3) (4) (5) . It has becomes popular to treat this kind of injury conservatively or use minimal invasive techniques. As a result, there is increasing need for more effective use of diagnostic tools. The detection of free fluid in the abdominal cavity is not sufficient and it is imperative for the severity of injury to be classified to choose its optimal treatment.
MATERIAL AND METHODS
This study included 1406 victims who were diagnosed or operated for the suspicion of abdominal organ injury. It encompassed 16% of all patients admitted after injury to the II Department of Surgery in Cracow from 1995 to 2004. Aside from the clinical examination performed in each case, the FAST procedure was used in 1373 (97.6%) patients, diagnostic peritoneal lavage (DPL) in 46 (3.27%), computer tomography (CT) in 27 (1.92%), laparoscopy (LS) in 45 (3.2%) and intravenous pyelography or retrograde cystography (IVP) in 45 (3.2%) patients. In nineteen cases (1.35%), laparotomy was performed only on the basis of clinical examination.
Patients' ages ranged from 13 to 98 years (average 42.6, SD ± 20). Most were men (983, 70%) aged from 14 to 93 years (average 40.3, SD ± 17.9). There were 432 (30%) women aged from 13 to 98 (average 47.8, SD ± 23.3) and they were older than the male population by more than 7 years, which was statistically significant.
In 218 (15.8%) patients, abdominal organ injury was detected Most of the patients (157, 72%) were operated on and the rest (61, 28%) were treated conservatively. In the other 21 patients, no injury was detected during the operation. In total, we operated 178 patients te the necessity for operations to other body regions.
The patients were divided according to their haemodynamic status into stable and unstable. The systolic blood pressure under 100 mm Hg and heart rate above 100 beats per minute accompanied by cold, sweat and pale skin were acknowledge as limiting.
To access the severity of injury and compare patients in different groups, the AIS-ISS and LSO systems were used (6) (7) (8) (9) (10) . For gathering and analyzing data, Excel MS Office was used.
In this study, we aimed to analyze diagnostic management in patients with suspicion of intra-abdominal injury. After blunt and penetrating trauma, patients were evaluated depending on their haemodynamic state, time of admission and type of treatment (conservative or operative). The percentage of diagnostic laparotomies in the operating group and the percentage of missed injuries treated conservatively were used in the assessment of value of analyzed diagnostic methods. Those methods were used according to the algorithm, which was obligatory performed in our clinical practice. Due to this analysis, it was possible to define the situations with highest risk of wrong diagnostic decisions.
RESULTS
Severity of injuries in the study groups assessed according to AIS-ISS and LSO scales for all injuries and selected body regions (abdomen, thorax, pelvis and spine) were presented in tab. 1.
"Diagnostic sequences" reflecting the type and the number of methods used in patients who sustained blunt or penetrating traumas were presented in tab. 2 and 3. The group of of organ injuries. Among the patients admitted in profound shock or "in extremis," 57 laparotomies were performed and proved nontherapeutic in 7 (12.3%). All but one such patient (belonging to group IA) suffered from multiple injuries. 5 such patients qualified for surgical treatment on the basis of physical exam and FAST and in another two, the diagnostic process was supplemented with DPL. Another two patients were operated on upon the results of DPL and CT. In two patients suffering from MT, group laparoscopy allowed for the treatment of a bleeding spleen (one case) or the exclusion of injuries (another case). Among the group of 1093 patients suffering from blunt trauma, 6 cases of organ injuries were missed (0.55%). 5 suffered from multiple trauma and one patient belonged to the OI group. All but one patient were haemodynamically unstable on admission and in all cases, organ injuries were excluded on the basis of FAST. All of those patients died due to severe injuries of the head and thorax. In one patient, post mortem examination revealed large amount of blood in peritoneal cavity caused by injured spleen -injury missed in both FAST and DPL. Those injuries in our opinion could have contributed to patient's death.
Within the group of patients suffering from blunt injuries, there were 33% patients from the group OS, 28% from the group MT, 21% from the group IA and 18% from the group OI. injured patients was divided according to their haemodynamic state and type of treatment method applied. The following abbreviations were used: LT (laparotomy), LS dgn and LS th (diagnostic and therapeutic laparoscopy respectively), LT DC ("damage control" -type laparotomy), FAST (sonographic assessment according to FAST protocol), CT (computed tomography), IVP (contrast studies of the urinary tract), DPL (diagnostic peritoneal lavage).
In the group of patients suffering from blunt trauma, all patients were admitted "in extremis," 38.3% were admitted in shock and only 7.3% of patients who were haemodynamically stable underwent some form of operation.
In the group of 68 operated haemodynamically stable patients after blunt abdominal trauma in 4 (5.9%) cases, laparotomy proved to be non-therapeutic. All those patients suffered from multiple injuries and their diagnostic process relied on clinical examination with FAST assessment. Further investigation included DPL (one case), CT (one case) and DPL plus CT (one case). The fourth patient from this group was qualified for laparoscopy (after inadequate results of all methods mentioned above) that revealed no intra-abdominal injuries. This patient, however, required laparotomy several days later due to symptoms of ileus. Another 16 patients with suspicion of intraabdominal pathology qualified for laparoscopy, which allowed for the treatment or exclusion Haemodynamic instability was found most often in patients from the group MT (30%), and least often in patients from the groups IA (5%) and OI (2%). Among the haemodynamically stable patients, every tenth patient of the group IA was operated on as compared to every fourth patient treated surgically from the group MT. On the contrary within the group of patients admitted in shock, more than 80% of patients from the group IA were operated on versus only 40% of patients suffering from multiple injuries. All but two patients (from the groups IA and OI) operated on "in extremis" belonged to group MT. Additionally, 3 patients from group MT without haemodynamic instability on admission were operated on.
Within the group of patients with penetrating injuries who were "in extremis," 60% of haemodynamically unstable patients and only 21.6% without signs of haemodynamic instability were treated surgically.
Among 17 haemodynamically stable patients suffering from penetrating injuries, only 4 cases (23.5%) of laparotomy proved non-therapeutic. All of the patients sustained isolated abdominal wounds. In all but one patient (qualified for the procedure on the basis of clinical exam only), FAST was performed. In one patient laparoscopy excluded intraabdominal injuries. Among the patients presenting with symptoms of shock, 16 were operated on and only in one patient (6.25%) with multiple injuries who qualified for laparotomy on the basis of clinical symptoms of internal bleeding did this decision prove to be wrong. In one case, intraabdominal injuries were excluded on laparoscopy. There was no case of missed injury in the group of patients treated conservatively.
Patients from the group IA constituted vast majority (69%) of patients suffering from penetrating trauma. Remaining 38% of patients with penetrating injuries belonged to the group IN and only 9% suffered from multiple injuries. Haemodynamic instability was noted in 40% of multiply injured patients, while in remaining groups, such disturbances were twice less often found (24% in patients from the group IN and 19% -IA respectively). From among haemodynamically stable patients, 30% of patients from group IA and 75% of patients from group MT were qualified for laparotomy. Haemodynamically unstable patients were operated on much more often (all patients from the group IA and 5 out of 6 patients from the group MT); in two cases, injured liver and diaphragm were treated through thoracotomy. There was no laparotomy performed in patients from the group IN, but in almost all such patients presenting with shock on admission, thoracotomy was performed.
Therapeutic decisions were rarely made only on the basis of clinical examination in patients from the group IA (5%), almost never in patients with multiple injuries and never in patients from groups IN and OI. FAST was the leading diagnostic tool and in very few patients from groups IA and MT (0,6% and 2.9% patients respectively), additional methods were employed. In 85.6% of patients from the group IA, therapeutic decisions were made on the basis of FAST alone, while only in 8.8% of patients, one of the other diagnostic techniques was used. In multiply injured patients, the presence of organ injuries indicating further treatment was confirmed using only FAST in 71.5% of cases. In the rest of patients, decisions were made with the addition of one from abovementioned supplementary methods (3.5%), two methods (3.5%) and three extremely rarely techniques (1%).
There were differences in the way of diagnostic process used depending on the indications for surgery noted in the study material. Within the most abundant group of 151 patients operated due to symptoms of internal bleeding, therapeutic decisions were made on the basis of clinical examination only in every tenth patient. They presented with shock on admission and sustained isolated abdominal wounds. In the other cases, internal bleeding was diagnosed using FAST (41.7%) or in combination with another method (36.8%). Laparoscopy was performed in half of the patients, DPL in 1/3 and CT or IVP in the rest. Two or three different additional methods were used in 6.6% of cases. In 5.9% of patients, one of those methods was used independently. Only one patient from among 13 suffering from peritonitis was operated just on the basis of clinical examination. In the remaining patients, diagnosis was confirmed using FAST (38.5%) or FAST plus other method (54%). Among the group of 6 patients with peritoneal cavity penetrating injuries, FAST was used only in one case while the rest of the patients were qualified for the surgery on the basis of clinical examination. Injuries of urinary bladder or dia-phragm constituting the cause of laparotomy in 5 patients were diagnosed with the use of FAST and IVP (independently or together) and in plain abdominal and chest X-rays. In two patients with ileus, FAST and laparoscopy were used while in one such patient DPL plus CT.
Overall, among 178 injured patients, therapeutic decisions were made most commonly on the basis of clinical examination plus FAST (39.1%), together with one (36.3%), two (5%) or three (2%) additional diagnostic techniques. Only in 6.1% of cases, DPL, CT or laparoscopy were used independently. 11.2% of patients were qualified for the laparotomy on the basis of just clinical picture.
In 61 patients treated conservatively -apart from clinical examination -FAST was used independently in 60.6% of cases, together with IVP in 24.6%, together with CT in 6.6% and together with DPL in 3.3%. Rarely, FAST was supplemented with two additional methodswith IVP plus CT (3.3%) or with DPL plus CT (1.65%).
DISCUSSION
The percentage of patients suffering from blunt trauma that were operated on and number of diagnostic methods used (including patients treated conservatively) increased together with haemodynamical instability observed. Clinical examination with ultrasound proved sufficient in disqualification from surgical treatment in vast majority of haemodynamically stable patients (only one case of missed injury). The need for the used of additional diagnostic method in such patients was exceptional. On the contrary, every fifth haemodynamically unstable patient required the use of supplementary diagnostic techniques. In 6.3% of haemodynamically patients there were missed injuries. They related to the severely injured patients, mostly patients suffering from multiple injuries, in which organ injuries were excluded on the basis of FAST and -in one case -together with DPL.
In every third haemodynamically stable patient who was operated on, FAST was supplemented with other diagnostic method to confirm the presence of intraabdominal injuries. Proper qualification for surgical treatment constituted the most difficult problem in patients haemodynamically unstable on admission (including patients "in extremis") -as many as 12.3% of laparotomies in this group of patients were only diagnostic as compared to only 5.3% in haemodynamically stable patients. Most were performed in multiply injured patients who required additional diagnostic methods (FAST and DPL and sometimes IVP, CT and LS) used independently or together.
Laparoscopy was used in 40% of haemodynamically stable patients allowing for avoidance of laparotomy in half of them. This method was also used in every tenth haemodynamically unstable patient thus resulting in decrease in the number of laparotomies by one third.
There are many studies indicating a crucial role of ultrasound in diagnostic process in patients suffering from blunt abdominal trauma. On the basis of material consisting of more than 2500 trauma victims, Dolich et al. presented an algorithm for the management of patients with blunt abdominal trauma with FAST as a basic diagnostic technique (similar to the one worked out in our Department). CT or DPL (depending on haemodynamic status) played only a supportive role in cases of suspected organ injuries. Negative result of FAST together with the lack of clinical symptoms of bleeding allowed for the exclusion of organ injuries in 74% of patients. In cases of suspected organ injuries in haemodynamically stable patient's diagnosis was confirmed in CT (in 12% of cases). In patients presenting with symptoms of shock, organ injuries were diagnosed with the use of DPL or during laparotomy (more than 1%). Organ injuries diagnosed on the basis of ultrasound were verified using TK (9% of cases) or much rarely with DPL (more than 2%). Interestingly, 0.4% of patients were qualified for laparotomy only on the basis of clinical examination together with positive results of FAST (11). Schurink et al. suggests the use of ultrasound as an initial diagnostic method in every patient suffering from blunt abdominal trauma (12). Walcher et al. went even further implying the use of FAST at the site of accident (13) . Also, Branny finds FAST sufficient in diagnosing or excluding injuries in most cases and suggests the use of CT only in the most severely injured patients (14) . Feussner et al. also attributed a crucial role of ultrasound in identifying bleeding in the peritoneal cavity, which constitutes an indication for laparotomy in haemodynamically unstable patient. Necessity of confirmation of such indication with the use of DPL is rare. In haemodynamically sta-ble patients, diagnostic processes includes CT, angiography and ERCP. Laparoscopy did not receive approval as a diagnostic method (15) . Similar statements undermining the role of laparoscopy in most of the cases of blunt injuries with suggestion of use of ultrasound or CT instead can be found in many other studies. Laparoscopy seems to be the diagnostic method of greater importance in patients suffering from penetrating injuries (16) . The author's enthusiasm for laparoscopy is based on the conviction of its role in the assessment of trauma victims. With use of laparoscopy, it was possible to decrease the percentage of non-therapeutic laparotomies in our material and some injuries could have been managed using minimally invasive procedure. These sentiments are supported by results of some studies in which 54-63% of patients were avoided due to the use of laparoscopy (17, 18, 19) . Smith et al. mentioned laparoscopy as a supportive diagnostic technique in management algorithms in patients with penetrating and blunt abdominal injuries (19) . Rehm implies the use of bedside diagnostic laparoscopy thus decreasing the risk related to transport of the patients to the operating theater (20) .
It must be emphasized that according to many publications the use of both laparoscopy and CT are "reserved" for haemodynamically stable patients (17, (21) (22) (23) (24) . In our material, both abovementioned methods were used in few haemodynamically unstable patients on admission. Those decisions were made on the basis of good response to initial crystalloid transfusion. Such management however cannot be routinely used and every case requires individual consideration with comparison of benefits from results of diagnostic technique used with risk of delayed potential operation. Recent studies imply the usefulness of CT provided that patient's respond positively to transfusion of blood substitute. Such spiral CT assessing whole patient's body is performed using modern device localized in the hospital conducting therapy. A shorter time period and a greater amount of information provided using this method relative to classical X-rays justifies its use (25, 26, 27) .
There was an increase in the percentage of operated patients parallel to intensification of haemodynamic disturbances in the group of patients suffering from penetrating injuries observed. All patients admitted "in extremis" were operated on. Patients with penetrating traumas were treated surgically three times more often in case of shock and twice more often in case of haemodynamical stability as compared to the patients with blunt injuries.
In patients treated conservatively, irrespective of their haemodynamic status at admission, the presence of internal injuries was excluded on the basis of clinical examination and ultrasound together with revision of abdominal wounds. In most cases of wounds penetrating into the peritoneum, patients did not experience symptoms suggestive of injuries to internal organs. Among the surgically treated patients, FAST and revision of abdominal wound were used in half of the haemodynamically stable patients and in 40% of patients presenting symptoms of shock. Additional diagnostic techniques were sporadically used. In the remaining half of haemodynamically stable patients and in most patients presenting symptoms of shock qualification for laparotomy was made on the basis of clinical examination alone. Four patients qualified for diagnostic laparoscopies.
Exclusion of internal organs injuries on the basis of clinical examination, ultrasound and revision of the wound proved highly effective. This proves that treatment without laparotomy can be possible even in cases of wounds penetrating into the peritoneum. Similar statements can be found in some other studies. Van Haarst et al. undermine qualification for laparotomy on the basis of perforation of peritoneum or presence of blood in the abdomen, irrespective of wound character (stab or gunshot). The observation and monitoring of local symptoms with the use of repetitive clinical examination allowed for significant improvement of treatment results reflected by decrease in the percentage of laparotomies from 55 to 30% (including decrease in the percentage of not therapeutic operations from 24 to 0%) (28) . Similar opinions can be found in the study of Ferrada and Birolini who emphasized the importance of repetitive physical examination of abdominal cavity in diagnostic process of penetrating and blunt abdominal injuries. They call attention to the need for critical assessment of results of clinical examination in cases of impeded contact with the patient. They also indicate that symptoms can develop many hours later. They undermine the value of surgical control of the wound due to difficulty of
